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Abstract 
CdSe nanoparticles are of great interest for many applications. However, their size, shape, and aggregation are still 

difficult to control by the conventional synthesis methods. Here, we report on the synthesis of CdSe quantum dots 

(QDs), with an average diameter less than 10 nm, using radio-frequency magnetron sputtering (RFMS) on glass and 

silicon substrates at 25 °C. First, results show that a target-substrate distance of 13.5 cm and a chamber pressure of 

2.2 .10
-1

 mbar were required to deposit a CdSe QDs layer on the substrates. The morphology and optical properties of 

CdSe QDs were then studied as a function of RF power and deposition time. The size of CdSe QDs increases with 

increasing both the RF power and the deposition time. UV-visible spectroscopy shows that the CdSe QDs layer 

deposited on the glass-substrate by RFMS has almost the same optical properties as the one obtained from commercial 

CdSe QDs solutions. In both cases, a shift of the characteristic absorption band of CdSe QDs towards the higher 

wavenumbers is observed with the QDs size increase. AFM confirms the success of CdSe QDs layer deposition by 

RFMS: CdSe QDs with a mean diameter of 7.5 ± 2 nm were observed for a RF power of 14 W, a chamber pressure of 

2.2 .10
-1

 mbar, a target-substrate distance of 13.5 cm and a deposition time of 7.5 min (optimal values). With these 

parameters, the coverage of the substrate by the nano-objects is estimated at 25-30 % of the overall surface. 

 

Keywords: CdSe quantum dots; nanoparticles; radio-frequency magnetron sputtering; optical properties; morphological 

properties 

 

1. Introduction 
The recent development of nanotechnology, leading to the development of materials with nanometer-

sized dimensions and attractive properties, has opened up new horizons for many applications in various fields 

such as electronics or medicine. In particular semiconductor quantum dots (QDs) have received considerable 

attention owing to their unusual electronic and optical properties [1-7]. QDs are semiconductor nanoparticles 

(NPs) characterized by very small dimensions (< 10 nm). This small size scale leads to large surface areas and 

unique size-related optical properties arising from quantum confinement [1]. For instance, narrow emission bands 

in a wide UV-visible spectral range can be obtained by an appropriate selection of the size, shape, and 

composition of QDs [8,9]. They have become more and more important in biosensing and imaging because they 

offer very attractive optical properties such as higher photoluminescence (PL) efficiency, higher photostability, 

and wider selections of excitation and emission wavelengths with respect to traditional fluorescence labels [8-12]. 

These advantages are of great interest for detection techniques such as fluorescence, fluorescence lifetime 

measurement, fluorescence resonance energy transfer (FRET) and multiphoton microscopy [13-15]. New fields of 

application are also currently under consideration: catalysis, semiconductors industry, pharmacology and 

biotechnologies [16-20]. 
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In particular, II–VI semiconductor (CdSe, CdS, ZnO and ZnS) NPs attracted much attention due to their 

size-dependent photo- and electro-luminescence properties and promising applications in optoelectronics. For 

instance, CdSe has a wide optical band gap (1.74 eV), making it a suitable material for optical applications. When 

CdSe QDs are used instead of thin films, the optical gap can be tuned from deep red (1.7 eV) to green (2.4 eV) by 

simply reducing the nanoparticle diameter from 20 to 2 nm [21,22]. CdSe NPs can be used in various applications 

including laser diodes, high efficiency solar cells, nanosensing and biomedical imaging [21, 23-27]. 

To benefit from the specific properties of QDs, it is essential to control various key parameters such as 

their size, shape, specific surface area, surface density, etc. An extremely active and prolific field in nanomaterials 

is thus focused on finding appropriated deposition tools allowing the size and morphology controls of the NPs. 

QDs can be synthesized by many techniques, including sol-gel process, hydrothermal methods, sparking process, 

laser ablation, laser pyrolysis, spray deposition, MOCVD and RF induction plasma [28-35]. However, with most 

of them, the QDs size and shape as well as the coverage of the surface are difficult to control. Moreover, the 

chemical preparation methods, not friendly to the environment, require the use of precursors and/or solvents 

which can lead to contaminations of the deposited layer. In addition, stabilizing agents are often added in the 

solutions to prevent NPs aggregation, which has a significant impact on their optical properties as a result of size 

changes. These stabilizing agents generally also contaminate the NPs surface, making further functionalization 

difficult, especially when NPs need to be deposited on a substrate. All these reasons do not encourage potential 

industrial applications with the chemical methods. As regards the physical synthesis techniques (laser ablation 

and RF induction plasma), although environment-friendly, are not adapted to industry due to the small size of the 

produced samples. Moreover, most of the aforementioned synthesis methods give rise to powders of NPs, 

whereas NPs directly adsorbed on a surface are suitable for most applications. Therefore, further progress on 

applications of NPs essentially relies upon the development in powerful synthesis tools.  

Physical vapor deposition (PVD) techniques such as radio-frequency magnetron sputtering (RFMS) 

overcome most of the aforementioned drawbacks. For example, precursors or solvents are not required due to the 

physical nature of the deposition process. The contamination of the surface is also reduced because high purity 

targets are used and the method is performed under vacuum. Moreover, the control of the sputtering conditions 

(pressure, temperature, deposition time) also allows the tuning of the size, shape and particle density (number of 

NPs/unit area) of NPs, and therefore of their optical properties [36]. PVD deposition techniques have been 

previously applied to the deposition of CdSe thin films and CdSe QDs embedded in SiO2 or in an organic matrix 

[37-39]. Sharma et al. [40] have recently studied the structural, optical, and surface potential properties of CdSe 

NPs/ZnS thin-films. The CdSe NPs of varying diameters were prepared by controlling deposition time in 

magnetron sputtering deposition process. Subila et al. [41] have investigated the crystal-structure-dependent 

luminescence properties of CdSe QDs, and given precious data on the role of crystal structure and surface 

composition in the CdSe QDs properties. Recently, we reported on the synthesis of CdSe NPs on glass and silicon 

substrates by RFMS [42]. In that article, we compared the optical properties of CdSe QDs prepared by wet 

chemistry and RFMS with a precise set of experimental conditions. No detail was furnished on the effect of the 

sputtering parameters on the morphology and the optical properties of the deposited CdSe QDs layer. The goal of 

the present paper is to fill this lack because it was never dealt with before. The formation of CdSe QDs is 

therefore investigated under different sputtering conditions including RF power, argon pressure in the plasma 

chamber and deposition time. The samples are characterized for their morphological and optical properties by 

atomic force microscopy and UV-visible spectroscopy, respectively. For comparison, the CdSe QDs depositions 

were also performed by wet chemistry using commercial suspensions. 

 

2. Experimental 
2.1. CdSe Quantum Dots deposition 

Two types of substrates were used to grow the CdSe QDs: glass substrate (Borosilicate) and silicon wafer 

(p-type; 001; ρ=4.6 Ω.cm). Glass and silicon substrates were used for UV-Vis absorbance measurements and for 

morphological characterization, respectively. All substrates were cut into 1×1 cm
2
 size, pre-cleaned ultrasonically 

in acetone (purity ≥ 99 % ; VWR Prolabo) and then in ethanol (purity ≥ 99.5 % ; VWR Prolabo) for 15 min, and 

finally dried under pure nitrogen stream.   
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 The CdSe QDs depositions were carried out by RFMS, which was driven by a 13.6 MHz generator (PFG 

300 RF; Hüttinger). All depositions were performed at ambient temperature (23 ± 2 °C). After having fixed the 

substrate (Si or glass) on the substrate holder, the distance between the CdSe target (from Ampere Industrie 

(France), purity 99.99 %, diameter 33 mm, thickness 3 mm) and the substrate was set at 13.5 cm (this choice will 

be justified later). A dry primary pump (ACP Series; ADIXON) and a hybrid turbomolecular pump (Alcatel ATS 

100) allowed obtaining a base pressure in the sputtering chamber reactor of 10
-7

 mbar. Mass flowmeters (FCU-4; 

VACOTEC) controlled the amount of injected argon gas (purity 99.99 %; Alphagaz). In order to define optimum 

conditions, three different parameters were tested: RF power (from 5 to 30 W), chamber pressure (from 1.1 10
-1

 to 

4.5 10
-1

 mbar) and deposition time (from 7.5 to 15 min). The fresh treated substrates were characterized by UV-

visible spectroscopy and AFM. 

 For the comparison, CdSe QDs depositions were also performed by wet chemistry using commercial 

suspensions. For this purpose, six kinds of CdSe QDs suspensions (Sigma-Aldrich, LumidotTM CdSe-6 quantum 

dot NPs kit [43]), with diameter ranging between 2.1 and 6.6 nm, were used. They are named L480, L520, L560, 

L590, L610 and L640 hereafter with respect to the wavelength of their fluorescence maximum, i.e.; 480, 520, 

560, 593, 610 and 640 nm, respectively. In fact, each lumidot suspension shows a characteristic UV-Vis 

absorption band of CdSe QDs with a precise position depending on the QDs size [43]. The substrates (Si or glass) 

were immersed in a 10
-3

 M CdSe QDs commercial solution in toluene (purity ≥ 99 %; VWR Prolabo) during 18 h, 

then thoroughly rinsed with high purity water and dried under nitrogen flow. 

 

2.2 UV-Vis spectroscopy 

The UV-visible absorption spectra of the CdSe QDs layer deposited on the glass-substrates were recorded 

for wavelength between 400 and 850 nm using a multichannel spectrophotometer (Ocean optics, model 

QE65000FL). For the CdSe QDs suspensions, a cell with a 1 cm optical path was used. 

 

2.3 Atomic Force Microscopy 

The surface morphology was examined by atomic force microscopy using a NanoScope
®
 IIIA (Digital 

Instruments – Veeco, Santa Barbara, CA, USA). The imaging process was performed in tapping (intermittent 

contact) mode in air at room temperature (23 ± 2 °C) using silicon cantilevers (SS-ISC-225C3.0/-/R model from 

Team Nanotec). They were characterized by a resonance frequency around 75 kHz, a nominal spring constant of 

3.0 N/m and an apex radius of curvature of 5 nm. Average roughness (Ra) of the surface was obtained from AFM 

scans over surface areas of 0.5 µm x 0.5 µm, three times at a different location for each sample. 

 

3. Results and discussion 
3.1. UV-Vis absorption of commercial CdSe QDs 

All UV-visible absorption spectra of the commercial CdSe QDs suspensions show a characteristic 

absorption band of CdSe QDs that varies between 440 and 640 nm [43], depending on the QDs size. For each 

solution, this band reveals the presence of QDs with a monodisperse size distribution. Knowing the size of the 

commercial CdSe QDs (data provided by the manufacturer), we have represented in Figure 1 the wavelength of 

the characteristic absorption band of CdSe QDs (see the wavelength values in the experimental section) as a 

function of QDs size. It can be clearly seen that the characteristic absorption band of CdSe QDs shifts towards the 

higher wavenumbers with the increase of QDs size. The same result was obtained by Murray et al. who studied 

the synthesis and characterization of nearly monodisperse CdSe semiconductor nanocrystallites [22]. The QD-

size-dependent shift in the absorption band position is attributed to quantum confinement effects [13,22,44-46]. 

Indeed, the quantum confinement effect, occurring in nanometer-sized semiconductors, widens their band gap and 

generates well-defined energy levels at the band edges. This causes a redshift in the threshold absorption 

wavelength with increasing particle size and induces luminescence which is strictly correlated to particle size. 

Therefore, the position of the absorption (as well as the luminescence peaks) can be fine-tuned by controlling the 

particle diameter and the size distribution during manufacturing, in order to create a large group of “fluorophores” 

with precise optical properties on the surface [13]. 
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Figure 1. Wavelengths of the characteristic absorption band of the commercial CdSe QDs as a function of their 

diameter. The labels meaning has been introduced in the experimental section of the manuscript, the number 

highlighting the wavelength of maximum fluorescence. 

 

To compare the absorption properties of the commercials CdSe QDs either in solution or deposited on a 

glass surface, glass substrates were wetted by the commercial CdSe QDs suspensions. After evaporation of the 

solvent, the absorption spectra of various depositions of CdSe QDs have been recorded (Figure 2).  

 
Figure 2. UV-visible absorption spectra of the commercial CdSe QDs suspensions coated on glass substrates 

(measurements carried out after evaporation of the solvent). All spectra are normalized by the absorbance value at 400 nm. 

The labels meaning has been introduced in the experimental section of the manuscript, the number highlighting the 

wavelength of maximum fluorescence. 
 

Results show that the positions of the characteristic absorption bands of the commercial CdSe QDs 

deposited on a glass surface are 3-4% lower than that of the commercial CdSe QDs in suspension (see the 

wavelength values for L480, L520, L560, L590, L610 and L640 in the experimental section). This means that the 

position of the characteristic absorption band of CdSe QDs is almost independent of the QDs environment (either 

in solution or coated on a surface). On the other hand, the presence of a well-defined band on all absorption 
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spectra suggests the coating of the glass-substrate by non-aggregated CdSe QDs having a monodisperse size 

distribution [22] (a necessary condition for the appearance of the characteristic absorption band of CdSe QDs). 

Our objective was thus to reproduce the absorption spectra of Figure 2 using radio-frequency magnetron 

sputtering (RFMS). By the way, we will avoid the use of the hexadecylamine capping molecules which prevent 

surface functionalization as previously mentioned [42]. 

 

 

3.2. UV-Vis absorption of CdSe QDs coated by RFMS 

At fixed deposition temperature (25 °C), the parameters affecting the deposition by RFMS are the RF 

power (P), the argon pressure (p), the target-substrate distance (d) and the deposition time (t). To fabricate CdSe 

QDs on the substrates by RFMS, it was necessary to reduce the deposition speed. Two ways were used to do that. 

First, as regards the target-substrate distance, the longer the distance is, the higher is the number of collisions 

between the sputtered atoms and the plasma species, and the lower is the deposition speed [47]. Therefore, we 

fixed the target-substrate distance at 13.5 cm, knowing that in our case the available longest distance is 15 cm. 

Second, a high argon pressure in the order of 10
-1

 mbar was a necessary condition to reduce the deposition speed 

and, consequently, to deposit CdSe QDs on the substrates. In fact, the pressure affects especially the number of 

collisions between the sputtered atoms and the plasma species during the transfer of target atoms toward the 

substrate. As a result, the collisions lower the energy of the sputtered atoms and change their trajectory. In other 

words, the higher the number of collisions (with high chamber pressure), the longer is the mean free path of the 

sputtered atoms, and the lower is the deposition speed. Figure 3 shows UV-visible absorption spectra of CdSe 

QDs coated on the glass substrates by RFMS at three different chamber pressures: 1.1 10
-1

, 2.2 10
-1

 and 4.5 10
-1

 

mbar. This last value is the highest possible pressure with our set-up. The UV-visible absorption spectra of the 

sample prepared by RFMS at 2.2 10
-1

 mbar is the only one showing a characteristic absorption band of CdSe 

QDs, indicated by an arrow, with a maximum at 655 nm (see the curve B in Figure 3). This feature lies in the 

same spectral region as the ones observed with commercial CdSe QDs deposited on the glass substrates (i.e. 440-

660 nm, see Figure 2).  

 
Figure 3. UV-visible absorption spectra of CdSe QDs deposited on glass substrates by RFMS as function of the 

pressure chamber: 1.1 10
-1

 mbar (A), 2.2 10
-1

 mbar (B) and 4.5 10
-1

 mbar (C). A and B curves are shifted by 2 and 

1, respectively. The sputtering power, deposition time and target-substrate distance were 14 W, 7.5 min and 13.5 

cm, respectively. 
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The success of CdSe QDs layer deposition by RFMS at 2.2 10
-1

 mbar is therefore confirmed. The 

increase of the chamber pressure from 2.2 10
-1

 to 4.5 10
-1

 mbar prevent deposition. Indeed, the absorption is close 

to zero for the sample prepared by RFMS at 4.5 10
-1

 mbar (see the curve C in Figure 3). With this chamber 

pressure, the plasma species constitutes a barrier preventing the sputtered atoms from reaching the substrate. At a 

pressure equal to 1.1 10
-1

 mbar, the fabricated sample is characterized by a strong absorbance and the absence of 

the characteristic absorption band of CdSe QDs (see the curve A in Figure 3), suggesting a thin-film deposition. 

After the deposition, a clearly visible dark brown colour over the entire glass surface confirms the formation of a 

thin-film deposition. 

Having set the target-substrate distance at 13.5 cm and the chamber pressure at 2.2 10
-1

 mbar, we have 

performed several coatings by changing the value of one parameter (either the RF power or the deposition time) 

while the other was kept constant. Figures 4a and 4b show the UV-visible absorption spectra of the CdSe QDs 

deposited on the glass-substrate by RFMS with the different conditions summarized in Table 1. The absorption 

spectra of the samples A, B, C and D show a characteristic absorption band of CdSe QDs, indicated by arrows, 

with maximum at 610, 612, 623 and 655 nm, respectively. These bands are almost located in the same spectral 

region that the absorption bands of commercial CdSe QDs deposited on the glass substrate (i.e. 440-660 nm, see 

Figure 2). This means that NPs with a controlled size distribution are deposited on the glass-substrate by RFMS 

under the sputtering conditions of A, B, C and D samples. The number of CdSe QDs deposited by RFMS is 

probably weaker than the one associated to layers deposited on the glass-substrate using commercial CdSe QDs 

solutions, which explains the low intensity of the bands in the former case and a lower signal to noise ratio. On 

the other hand, it is also important to notice that the state or nature of CdSe QDs deposited by RFMS is slightly 

different from those of CdSe QDs deposited from the commercial solutions. In fact, the commercial CdSe QDs 

are of core-shell type, i.e., they have a core in CdSe and a protective layer from ligands to prevent aggregation. 

This involves a slight change in the absorption spectrum compared to the one of pure CdSe QDs. 

 
Figure 4. UV-visible absorption spectra of the CdSe QDs deposited on glass substrates by RFMS under the 

sputtering conditions described in Table 1. Spectra B, C, D, E, G and H are respectively shifted by 0.5, 1, 1.5, 2, 

50 and 100, respectively. The arbitrary units are the same for both figures. 
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Table 1. RFMS deposition conditions of the CdSe QDs on the substrates (Si and glass). The chamber pressure 

and the distance target-substrate were 2.2 10
-1

 mbar and 13.5 cm, respectively. 

 

Sample A B C D E F G H 

P (W) 5 5 5 14 14 20 25 30 

t (min) 7.5 9.25 11 7.5 15 7.5 7.5 7.5 

 
At low RF power (5 W) and deposition time equal to 7.5 min (i.e. sample A (Table 1)), the absorbance is 

very low (Figure 4, curve A) and suggests a deposition of CdSe QDs with the lowest diameter value. The 

characteristic absorption band of CdSe QDs (at ~ 600 nm) is barely visible. A progressive increase of the 

deposition time involves an increase in absorbance, associated with a slight shift of the characteristic absorption 

band of CdSe QDs towards the higher wavenumbers (Figure 4, curves B and C). The characteristic absorption 

band of CdSe QDs is also more clearly visible under the sputtering conditions of the sample C. All these 

observations highlight a gradual growth in the size of CdSe QDs with rising deposition time, and possibly an 

increase of their number on the substrate surface. This is in accordance with the study of Kumar et al. [48] on the 

growth of NPs from the sputtering of a tungsten cathode in DC argon glow discharges. They indicated that for 

longer discharge durations, the tungsten primary particles (~ 30 nm) agglomerate to form bigger NPs (80-150 

nm). This is also in keeping with Sharma et al. who investigated the properties of CdSe nanoparticles (NPs) 

prepared on ZnS thin-films [40]. Indeed, CdSe NPs of varying sizes were prepared by controlling deposition time 

in magnetron sputter deposition process. They observed an increase in the size of CdSe NPs from 5 nm for 10 s, 7 

nm for 30 s and 10 nm for 50 s, and showed that the coverage of the ZnS films with CdSe nanoparticles increases 

when the deposition time of CdSe NPs increases. By increasing the RF power from 5 to 14 W, the absorbance 

increases significantly (Figure 4, curves D and E) due to the generation of a larger number of photo-carriers that 

contribute to the emission cross section [45]. In fact, the increase in RF power increases the concentration of 

injected CdSe particles, and therefore increases the NPs surface density. In the other hand, in the case of the 

sample D, the characteristic absorption band of CdSe QDs (Figure 4, curve D) shifts more towards the higher 

wavenumbers (redshift) with the increase in RF power (exactly at 655 nm). This indicates an increase of the QDs 

diameter with the RF power, as highlighted at the beginning of the R&D section. Indeed, the energy of the 

sputtered atoms increases with RF power, which has the consequence of forming particles or aggregates of larger 

size [45] as we will see in the AFM section. Always at the same power value of 14 W, the increase of the 

deposition time from 7.5 to 15 min (i.e. sample) implies both an increase in absorbance and the disappearance of 

the characteristic absorption band of CdSe QDs. The same goes for the depositions performed at a RF power of 

20, 25 and 30 W (see Figure 4b): strong increase in absorbance and absence of the characteristic absorption band 

of CdSe QDs. The disappearance of the characteristic absorption band of CdSe QDs may be due to a polydisperse 

size distribution or, more probably, the formation of a continuous thin-film of CdSe on the surface. A clearly 

visible dark brown colour over the entire glass surface was observed in the last cases (i.e. the samples F, G and H 

(Figure 4b)), and suggests the formation of a thin-film deposition. The oscillations in the absorbance signal, 

observed on the spectra G and H (Figure 4b), are due to interference phenomena. In conclusion, the size of CdSe 

QDs increases with increasing either the power or the deposition time, until to reach thresholds. This growth in 

the size of CdSe QDs is highlighted by the shift of the characteristic absorption band of CdSe QDs towards the 

higher wavenumbers on the absorption spectra, as previously observed in Figure 1 with the commercial CdSe 

QDs suspensions. Since the characteristic bands of QDs are more clearly visible under the conditions of the 

samples C and D, we analyzed more closely these two samples by AFM. Let us also mention that we also 

performed depositions at a RF power of 10 W (not shown). In these conditions, a slight increase in absorbance 

was noted compared to the depositions at 5 W, but no clear absorption band characteristic of CdSe QDs was 

observed. 
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3.4. AFM Analysis 

Figure 5 shows the 2D and 3D AFM images of the Si substrate surface before and after the deposition of 

the CdSe QDs by RFMS under the sputtering conditions of the samples C and D. The surface roughness for a neat 

Si sample, samples C and D are reported on Table 2. Figure 5a shows the AFM image of the neat Si substrate 

(before deposition). Its surface root-mean-square roughness, defined as the average height deviations taken from 

the mean plane, is equal to 0.07 nm. After RFMS deposition, and irrespective of the sputtering conditions (sample 

C or D), the substrate surface becomes completely coated by a layer of dome-shaped CdSe NPs having a diameter 

less than 10 nm (see the 2D AFM images in Figure 5). From theses 2D images, the deposition is far from being 

considered as a continuous film. Under the preparation conditions of sample C, although the CdSe QDs are well 

nanometer-size particles, it is difficult to distinguish particles of controlled size on the surface (Figure 5b). The 

surface roughness increases from 0.07 nm for the neat substrate to 0.16 nm for the sample C. In addition, the 

degree of size uniformity of the sample C is weak compared to the one of sample D. Consequently, it is difficult 

to determine the mean diameter of the CdSe QDs prepared under the sputtering conditions of the sample C.  

 

 
Figure 5: 2D and 3D AFM images of the Si substrate surface before and after the deposition of CdSe QDs by 

RFMS under the sputtering conditions of the samples C and D: (a) bare substrate, (b) sample C and (c) sample D. 

Inset in (c) is a histogram of the size distribution of the CdSe NPs. 

 

All these observations suggest that most of CdSe QDs of the sample C are not yet fully mature. By 

contrast, when the RF power is increased to 15 W and the deposition time is reduced to 7.5 min (the sputtering 

conditions of the sample D), Figure 5c shows a homogenous coverage of the surface by circular QDs of a well-

defined size. The histogram of particle size distribution of the samples D is shown as inset in Figure 5c, and 
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shows a size distribution ranging between 4 and 11 nm with a mean diameter of 7.5 ± 2 nm, after tip-size 

deconvolution [49]. This diameter value is in good agreement with the one (~ 7 nm) associated to layer deposited 

on the glass-substrate using L640 as commercial solution (see Figure 1). This result demonstrates that we can 

deposit QDs by magnetron sputtering system with almost the same optical properties (same size) than the ones 

obtained by wet chemistry. Figure 6 highlights this comparison. This also agrees with the results of Murray et al. 

showing an absorption band at 650 nm for CdSe nanocrystallites of 8.3 nm diameter [22], although their synthesis 

method was different from ours. The surface roughness increases from 0.07 nm for the neat substrate to 0.30 nm 

for the sample D. The roughness variation is significant and is expected because the QDs distribution has a 

regular pattern, as evidenced by the 3D AFM image (Figure 5c). Using a standard image analysis program (Image 

J), we evaluated for the sample D the coverage of the surface by the QDs at 25-30 % of the overall surface. From 

the 2D and 3D AFM images of samples, it is clear that the sample D exhibits well-resolved regular topography of 

CdSe QDs with nanometer-size diameter. Moreover, the colour contrast of the AFM image of the sample D is 

higher than the one associated to sample C suggesting that the CdSe QDs growth under the conditions of the 

sample D reached an advanced state in maturation. In conclusion, the most interesting CdSe QDs features appear 

with the sample D sputtering conditions. This result confirms what was mentioned in the UV-Vis spectroscopy 

section: the increase in RF power (from 5 to 14 W) induces the formation of mature and bigger QDs, involving a 

shift of the characteristic absorption band of CdSe QDs towards the higher wavenumbers. Undoubtedly, the 

increase of the RF power leads to a high degree of intermixing via diffusion [45,47]. This favors nucleation on 

subsequent QDs. At a higher RF power (sample D), the CdSe ad-atoms are expected to diffuse to a longer 

distance on the surface and prefer to produce new nucleation centers. In conclusion, the plasma parameters used 

for sample D seem to offer the most scope for practically implementing a deposition of mature CdSe QDs finely 

distributed on the substrate surface, and whose size and optical properties are tailored. 

 

Table 2: Average roughness (Ra) of bare Si substrate, sample C and sample D. 

 Bare substrate Sample C Sample D 

Ra (nm) 0.07 0.16 0.30 

 

 
Figure 6: Comparison of sample produced by RFMS and from commercial L640 solution. Both spectra exhibit a 

characteristic absorption band of CdSe QDs in the same region. 
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Conclusions 
We synthesized CdSe QDs with controlled size and shape using RFMS technique at 25 °C. This tool enables to 

well control the size and shape of QDs, unlike to the conventional synthesis methods. A target-substrate distance 

of 13.5 cm and a chamber pressure of 2.2 10
-1

 mbar were the first required parameters to deposit a CdSe QDs 

layer on the substrates by RFMS. Increasing the RF power and the deposition time resulted in an increase of the 

size of CdSe QDs. The optimal values for the RF power and the deposition time were 14 W and 7.5 min, 

respectively. In this case, the mean diameter of CdSe QDs was 7.5 ± 2 nm, with a size distribution ranging 

between 4 to 11 nm. The CdSe QDs prepared by RFMS exhibited optical properties similar to those obtained 

using commercial suspensions either in solution or deposited on the surface. 
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